SUMMARY Total anomalous pulmonary venous connection can be diagnosed by cross sectional echocardiography. Information is, however, lacking concerning the diagnostic accuracy of this imaging method and any factors which may influence it. To predict the pulmonary venous connection 463 patients with congenital heart disease who had angiographic confirmation were prospectively examined. Total anomalous pulmonary venous connection was present in 34 (70/o) patients and correctly detected in 33 (97% sensitivity). There were two false positive results (99% specificity). All 23 patients with atrial situs solitus with or without associated congenital heart defects were correctly detected. One false negative result occurred in a patient with right atrial isomerism and complex congenital heart disease with decreased pulmonary blood flow.
Once total anomalous pulmonary venous connection is detected, a complete examination should be performed to exclude other associated congenital heart disease and to define the details of pulmonary venous connection. Because cross sectional echocardiography may potentially be the definitive diagnostic method for this abnormality, we prospectively predicted the pulmonary venous connection in 463 patients. The data were analysed to determine (a) the predictive accuracy of cross sectional echocardiography in detecting total anomalous pulmonary venous connection and (b) the limitations of cross sectional echocar-525 group.bmj.com on April 13, 2017 -Published by http://heart.bmj.com/ Downloaded from diography in assessing the details of total anomalous pulmonary venous connection in children with congenital heart disease.
Patients and methods
Between July 1982 and August 1983, 463 consecutive patients underwent cross sectional echocardiography in whom the presence of a pulmonary venous connection was unknown. All studies were performed with Advanced Technology Laboratories echocardiographic equipment (MK600 or 300LX) using either 3, 5, or 7*5 MHz transducers and most were performed Huhta, Gutgesell, Nihill and interpreted by a doctor. Multiple scanning approaches, including subcostal, parasternal, and suprasternal, were combined in order to visualise all of the pulmonary veins and predict the normal or abnormal connection of each pulmonary vein (Fig.  1 ).2 A complete segmental echocardiographic examination was performed as previously described,4 and the atrial situs was determined using previously published techniques.56 Abnormal atrial situs was confirmed by the angiographic appearance of the atrial appendages or by the radiographic appearance of the bronchi7 in all patients and by necropsy in four.
In this way the location of the morphologically left The details of pulmonary venous connection by angiography were available in all patients, and the findings by cross sectional echocardiography were compared with the angiographic findings. Echocardiography was performed before any angiographic study in 380 patients and after in 83. All the echocardiographic examinations were performed without Huhta, Gutgesell, Nihill knowledge of this information in the latter group in an attempt to preserve the prospective aspect of echocardiographic prediction of pulmonary venous connection. The first cross sectional echocardiographic examination was analysed and the patients were excluded if the examiner was familiar with the diagnosis. Errors in detection of total anomalous pulmonary venous connection were expressed as false positive or false negative results and the sensitivity in detection was expressed as the number of true positive results divided by the sum of the true positive results plus the number of false negative results. Diagnostic errors were further analysed and factors affecting diagnostic accuracy assessed. The group of patients with any diagnostic error was compared with the other patients with total anomalous pulmonary venous connection in whom diagnosis was entirely accurate. Discrete variables such as sex or presence of abnormal situs were compared with x2 methods. Linear variables such as weight and age were tested by (Fig. 2) , right superior vena cava in three, left superior vena cava in three, azygos vein in one. There was intracardiac connection in 12: coronary sinus in four (Fig. 3) , right atrium in five (Fig. 4) , and left atrium in three with right isomerism. Infracardiac connection was present in three (below the diaphragm to portal or hepatic veins) and mixed in four (Fig 5) . One patient had common pulmonary vein atresia.
There were three factors which related to diagnostic errors: presence of complex congenital heart disease Huhta, Gutgesell, Nihill with atrial isomerism (Fig. 6 ), mixed type of total anomalous pulmonary venous connection, and pulmonary vein atresia. Other factors such as the sites of anomalous pulmonary venous connection did not affect the accuracy of diagnosis. Presence of other congenital cardiac defects and presence of atrial isomerism were covariate owing to the frequent association of atrioventricular canal defect and severe pulmonary stenosis or pulmonary atresia with this situs abnormality. The pulmonary venous connection was diagnosed correctly in three patients with situs solitus and associated intracardiac defects. Pulmonary venous obstruction was present in three neonates with right atrial isomerism and was not diagnosed in spite of the neonatal use of prostaglandin E1 before palliation of pulmonary atresia or stenosis.
Discussion
Anomalies of pulmonary venous connection are, in themselves, nearly always surgically remediable. They may be isolated or found in association with other types of congenital heart disease. After early reports of the non-invasive diagnosis of total anomalous pulmonary venous connection by M mode echocardiography it was expected that cross sectional echocardiography would be a highly accurate diagnostic technique in this condition.8 -IO Little information is, however, available concerning either the detection of this anomaly or the feasibility of complete anatomical assessment in such patients. Recently, improved echocardiographic equipment and knowledge of tomographic anatomy have allowed the diagnostic accuracy of cross sectional echocardiography in total anomalous pulmonary venous connection to be determined. This study also attempted to define factors which may hinder accurate diagnosis in this condition-namely, (a) right atrial isomerism, (b) mixed total anomalous pulmonary venous connection (most commonly to the coronary sinus and the left vertical vein), and (c) common pulmonary vein atresia. An analysis of diagnostic errors permitted us to construct a profile of the patient with total anomalous pulmonary venous connection who can be detected easily and whose anatomy can be accurately predicted. This information is valuable in assessing the need for surgical treatment of such infants in the newborn period and for diagnostic catheterisation and angiography.
In simus solitus the intracardiac anatomy was uniformly that of a dilated right atrium and ventricle, a relatively small left atrium and ventricle, dilated pulmonary annulus and proximal pulmonary arteries, and a restrictive atrial septal defect. By a combination of suprasternal and subcostal images, all four pulmonary veins were assessed and the mode of anomalous connection diagnosed. The limitations of cross sectional echocardiography in such patients were related to the sites of connection of the pulmonary venous confluences and interconnections of the pulmonary veins. Abnormalities of each of these factors were recognised by non-invasive assessment alone. False positive diagnosis of total anomalous pulmonary venous connection in situs solitus occurred in one patient with a large atrial septal defect and a left superior vena cava to the coronary sinus and in a neonate with situs solitus and asplenia.
The diagnosis of atrial situs can be made indirectly by cross sectional echocardiography by imaging the position of the inferior vena cava and aorta in relation to the spine at the level of the diaphragm. Specifically, right isomerism is nearly always associated with the aorta and inferior vena cava running together on one or other side of the spine. Because right isomerism has a high association with anomalous pulmonary venous connection and complex congenital heart disease with pulmonary stenosis or atresia, it is important to know the limitations of non-invasive diagnosis in these patients. We found that the site of pulmonary venous connection could not be consistently identified in the presence of low pulmonary blood flow. Furthermore, the frequent association of pulmonary venous obstruction could not be reliably predicted by imaging alone before construction of a systemic to pulmonary shunt. Almost invariably the failure to identify the site of pulmonary venous connection meant pulmonary venous obstruction. Application of the prostaglandin challenge'" in the early neonatal period in four such patients failed to show the presence of pulmonary venous obstruction in three who later (3-4 months) died of congestive heart failure after construction of a systemic to pulmonary artery shunt. In the future it is likely that improved knowledge of the dynamics of pulmonary venous flow in total anomalous pulmonary venous connection using Doppler echocardiography'2 will improve detection of this important problem (Fig. 7) . In one patient with right atrial isomerism Doppler echocardiography located the pulmonary venous connection to the right superior vena cava, and there was a good correlation between the echocardiographic and angiographic findings retrospectively (Fig. 8) .
Mixed total anomalous pulmonary venous connection was present in four patients, all with situs solitus, and there was associated congenital heart disease in one. All were shown to have total anomalous pulmonary venous connection; however, the details of mixed total anomalous pulmonary venous connection were difficult to identify in three patients. Two had pulmonary venous connection to the coronary sinus and the left vertical vein. In this setting, the pulmonary veins may or may not be in continuity, and this anatomical detail will affect the surgical approach. When 
